In this paper, we propose an adaptive multistage parallel interference cancellation (PIC) structure for multipath fading channel. Similarly to the previous partial interference cancellation (IC) approach suggested in [l], only part of the multiaccess interference (MAI) estimate is canceled at each stage. However, the weights employed in this proposed scheme are derived from an LMS algorithm which tries to minimize the meansquare error between the actual signal received and its replica. The complexity of the proposed adaptive multistage PIC scheme is much lower than that of linear multiuser detectors. Performance of the proposed structure in single-path Rician and multipath Rayleigh fading channels is evaluated by simulations. Our results show that the proposed technique outperforms the existing interference cancellation methods in multipath fading channels.
Introduction
It is well known that the performance of a CDMA system is interference-limited. Multiuser detection can greatly increase the system capacity.
Parallel interference cancellation (PIC) is attractive for its potential capacity increases and simplicity. Ideally, when all multiaccess interference (MAI) are known a priori, a single stage PIC is equivalent to the optimum detector in a maximum-likelihood (ML) sense [l] . In practical applications, the MA1 estimates are used due to the lack of an exact knowledge of MAI. By introducing multistage [2], MA1 estimation can be improved in an iterative way. However, this is not always true for a conventional multistage PIC, especially, when the BER in the previous stage is sufficient high. A wrong estimation used in MA1 cancellation will largely increase the interference power, hence introducing further degradation.
Divsalar et al. [l] suggested a partial cancellation of MA1 at each stage to reduce the cost of wrong MA1 t ahar }@ece.concordia.ca estimation, the amount of interference to be cancelled is decided by a weighting factor at each stage for all users. This method can ensure a performance improvement after partial interference cancellation. Since the bit decisions become more reliable when more MA1 is canceled, they also propose to increase the weighting factor for each successive stage. Their results show a considerable capacity increase in an AWGN channel over conventional multistage PIC [3, 11.
In Divsalar et al.'s partial cancellation approach [l] , a constant weight is used for all users at each stage throughout the cancellation. For a CDMA system operating in a multipath fading channel, the MA1 varies from one user to another and from bit to bit according to the PN cross-correlation as well as the power level of each user at a particular time instant. Hence, adaptive weights that reflect the reliability of data estimation can offer a better solution.
Motivated by the above thought, we propose a new cost function in this paper which takes the weighting factors into account. Our objective is to minimize the mean-square error between the received signal and the weighted sum of the estimates of all users' signal during a bit interval with respect to the weights. The optimum weights can be obtained through an adaptive LMS algorithm. An LMS multistage PIC structure is presented for multipath fading channels, the proposed structure also incorporates RAKE diversity. Performance of this technique and other PIC methods is investigated by means of simulation.
The rest of the paper is organized as follows. Transmitter and channel models are described in Section 2. Section 3 presents the proposed adaptive multistage PIC structure for multipath fading channels. Performance comparisons of various PIC schemes in singlepath Rician and multipath Rayleigh fading channels are discussed in Section 4. Section 5 concludes the paper. 
System Model
We consider a synchronous DS-CDMA system using written as For a conventional single-user RAKE receiver, the decision is made as QPSK. For thc ith user, the transmitted signal can be ii, = sgn{Y,}
(7)
where Y , = Re{y,}.
where P, is the signal power. b,(t) = C;=-, a:")p(t-3 mTb) represents the data signal, a!") is a binary sequence taking values fl with equal probability. p ( t ) is a rectangular chip waveform with duration Tb-c,(t) Without loss of generality, let us focus on the first user. represents a complex form PN sequence that is defined For the multistage PIC [2] operating in multipath enas vironment, the MA1 is estimated at the kth stage as follows
cz(t) = PN,(t)[PN(')(t) + jPN(")(t)]
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where PN(')(t), P N ( Q ) ( t ) are the PN waveforms used p = y ~a z l C , ( t ) i i y ) (8) in the in-phase and quadrature components of the r=2 1=1
QPSK modulated signal. PNi(t) is the signature waveform of the ith user. The multipath fading channel for the ith user considered in this paper is modeled as At the kth stage, the estimated MA1 is completely removed from the received signal in the conventional multistage PIC, this can be written as
Rake combining and bit decision can be carried out
where L is the number of paths of the channel, assumed to be time-invariant. ~i l denotes the relative delay of the Zth path. ail(t) represents the time-variant complex channel parameter of the Zth path taking the attenuation and phase shift into account.
With the above transmitted signal and channel model, the received signal can be expressed as
where K is the number of active users, t ( t ) is the additive Gaussian noise with double-side spectrum density If we consider the ith user, a RAKE receiver com-
NOP.
putes at each of its fingers the following We assume the channel fading is slow, or in other words, the channel parameter ail(t) does not change within a bit interval, it is thus denoted as ail. The outputs from these fingers are then combined using maximal ratio rule [4] shown below
in the same way as shown in (4)-(6) for single user Rake receiver, the only difference is the r(t) in (4) should be replaced by r $ ) for conventional PIC. Partial IC was proposed in [3, 11 to reduce the cost of incorrect MA1 estimation. In a multipath fading channel, the procedure of interference cancellation can be described as follows
1=1
where ~(~1 is the weighting factor for interference cancellation at the kth stage.
Rake diversity is then carried out based on the interference partially removed signal ?$).
Adaptive Multistage PIC
In Divsalar's et al.'s partial cancellation scheme, the weight for each stage remains constant. Intuitively, it is more reasonable to have a set of weights that can reflect the reliability of the bit estimations from the previous stage. In this section we propose an adaptive multistage PIC approach where the weights are updated by an LMS algorithm. In order to incorporate the adaptive algorithm, the received signal must be sampled. In our case, the received signal r ( t ) is sampled once per chip, the discrete form received signal is denoted by r(m), where
We try to estimate r ( m ) at the kth stage from the I" sequence c,(m), the bit estimate from the previous stage and the weight {&(m),Z = O , . . . , L -1).
The estimation is carried out as following With the weights provided by the LMS algorithm, the interference cancellation at the kth stage for the ith user is performed as 
A more reliable decision is made as
A conventional single-user RAKE receiver is employed as the initial stage in our method, i.e.
where yi is as defined in (6). Either exact channel parameters or their estimates can be used as the initial value of the tap coefficients of the LMS filters at each stage. Even if certain MA1 estimates are wrong, it is possible for the LMS algorithm to reverse the sign of their corresponding weights, ensuring removal of the interference to some extend. The step size p plays an important role in the LMS algorithm. For the normalized LMS algorithm deployed in our approach, p must satisfy 0 < p < 2 in order to ensure convergence [SI. Generally, a large step size leads to a faster convergence rate, however it will also cause a greater gradient noise.
Simulation Results
Simulations have been carried out to evaluate the performance of various interference cancellation schemes discussed in this paper. System model described in Section 2 is used in our simulation. The processing gain is 64 if not otherwise specified. Generating functions for random P N sequences employed in our simulations are identical to those specified in IS-95 for its reverse link.
We evaluated through various simulations the performance of the proposed LMS PIC, the partial PIC [l] , the conventional PIC [7] , and the RLS decorrelating [8] in various fading channels. Perfect amplitude and phase information of all users is assumed. For a single-path Rician fading channel, the power difference between the specular and the diffuse components is 7dB. With an additional stage, a considerable increase in number of users is observed in Figure 2(b) . For a BER of 0.01, the numbers of users can be supported by the 2-stage conventional, %stage partial and 2-stage LMS PIC schemes are 27, 37 and 45, respectively.
Performance of various PIC schemes in a two-path Rayleigh fading channel is shown in Figure 3 for Q / N , =17dB. The delay of the second path equals to T,. An even multipath profile is assumed. All PIC schemes show a significant performance improvement over the single-user detector. In particular, at a BER of lop3, the single-user receiver cannot support more than 10 users. The single-stage conventional PIC and partial PIC can accommodate 17 and 15 users, respectively, while the single-stage LMS PIC can support 20 users.
For 2-stage cancellation as shown in Figure 3(b) , the capacity of the conventional PIC increases to 34 users for the BER of loe3. The number of users that can be supported by 2-stage partial PIC and 2-stage LMS PIC are 37 and 42 users. LMS PIC still outperforms the partial PIC.
Conclusions
In this paper, we proposed an adaptive multistage PIC structure for multipath fading channels based on thc partial PIC approach [3, 11. The proposed method uses LMS algorithm to search for a set of optimum coefficients which minimize the mean-square error between the received signal and its estimate. These coefficients are used as weights in parallel interference cancellation. Simulation results show that the proposed method outperforms the conventional PIC and the partial PIC schemes in both single-path and multipath fading channels. Its superior performance is also maintained in an AWGN environment as presented in [5] . 
